Abstract The adsorption amount of artificial sebum on various forms and chemical compositions of hydroxyapatite was measured by gas chromatography analysis (GC). From these results, it has been shown that the adsorption amount of oleic acid was in order of Spherical-HAP > SiO2 > FL-HAP (SC) > FL-HAP . The adsorption of artificial sebum is not influenced by shape or particle diameter of hydroxyapatite, and preferential adsorption of oleic acid, which is unsaturated fatty acids in artificial sebum, was clarified. The selectivity of silica as a comparison material was not confirmed. The adsorption amount of oleic acid for each I g of Spherical-HAP was 38 mg. It seemed also that the adsorption amount of oleic acid showed tendency to increase with increase in calcium content . As for the adsorption mechanism, the possibility of relation to c-plane (Ca sites) was suggested. Moreover, when the effect of cosmetics that mixed with hydroxyapatite was examined, the adsorption amount of oleic acid was about 1.5 times compared with the control. The prevention of shiny skin and makeup deterioration due to removal of the unsaturated fatty acid by hydroxyapatite is presented in the cosmetics field.
INTRODUCTION
Bio-hard tissues such as teeth and bones are composed of calcium hydroxyapatite, Ca10(PO4)6(OH)2 (HAP). The material has an excellent bio-affinity and is used as a raw material in bioceramics for artificial bones and tooth roots, as an adsorbent of biopolymers for separation and refinements, and as an additive in toothpastes and cosmetics.1-2) HAP has been extensively applied as an adsorbent for amino acids and proteins.
3) The adsorption of diverse compounds by hydroxyapatite has been the subject of several physicochemical studies. [4] [5] [6] [7] It is known in the cosmetics field that lipid peroxide generated from human sebum and free oxygen induced by ultraviolet (UV) rays irradiation is a cause of skin aging. The preferential adsorption of lipid peroxide on hydroxyapatite has been already clarified.8) However, there are many other influences of oil on the skin . Shiny skin and makeup deterioration are caused by unsaturated fatty acid , due to its effect of decreasing the melting point of sebum. In this study, the removal of unsaturated fatty acid by adsorption on various forms and chemical compositions of hydroxyapatite was investigated .
MATERIALS AND METHODS

Characteristics of HAPs
FL-HAP & FL-HAP (SC) were produced by hydrolysis of calcium hydrogen phosphate dibasic. Spherical-HAP was obtained by spray-drying of slurry synthesized by wet precipitation. Silica, 5102 was used for comparison . Table 1 shows the powder properties of HAPs and silica. The particle size was estimated by laser diffraction size analyzer. Specific surface area was measured by the BET method . Oil adsorption was evaluated by method of JIS K5101 . Calcium content was analyzed by chelatometric titration. The crystal forms of HAPs were examined by scanning electron microsc ope (SEM), and Figure 1 shows SEM photographs.
Table1. Powder properties of HAPs and silica
Figure1. SEM photographs of HAPs
Adsorption Ability of Unsaturated Fatty Acid HAPs (0.5 g) was mixed with artificial sebum (0 ,05g as oil), and hexane (50 cm3) was added into the mixture. The composition of artificial sebum was composed of oleic acid, squalene, triglyceride, and octyl palmitate. The resulting mixture was stirred for ihr (25°C) and filtered. The filtrate was measured by gas chromatography analysis (GC). The known amount of artificial sebum was analyzed by GC, and a calibration curve was made from the peak area. The adsorption amount of unknown sample was calculated. The conditions of GC are described below: The effect of foundation including 4.4% FL-HAP (SC) was examined as a cosmetics application, and the control was not mixed with FL-HAP (SC). Table 2 shows the cosmetic composition.
Table2. Cosmetic composition (2-Way Cake Foundation) (%)
The adsorption amount of artificial sebum on various forms and chemical compositions of hydroxyapatite was examined . The results are summarized in Table 3 .
These results demonstrate that the adsorption amount of oleic acid was in order of Spherical-HAP > SiO2 > FL-HAP (SC) > FL-HAP . The adsorption amount of oleic acid for each 1 g of Spherical-HAP was 38mg. The adsorption of artificial sebum is not influenced by shape or particle diameter of hydroxyapatite , and preferential adsorption of oleic acid, which is unsaturated fatty acids in artificial sebum , was clarified. The selectivity of 5102 , the comparison material, was not confirmed. It has already been clarified that the adsorption amount of lipid peroxide correlates with specific surface area, and depends on the complex formation of calcium and carboxyl group . It seemed also that the adsorption amount of oleic acid showed tendency to increase with increase in calcium content . As for the adsorption mechanism , the possibility of relation to c-plane (Ca sites) was suggested .
when the effect of cosmetics that actually contained hydroxyapatite was examined, the adsorption amount of oleic acid was about 1 .5 times compared with the control. Table 4 shows the results .
Table3. Adsorption amount of artificial sebum on hydroxyapatite (mg) Table4 . Adsorption amount of artificial sebum on foundation including hydr oxyapatite (mg)
The removal unsaturated fatty acid by adsorption on hydroxyapatite was examined. The following were clarified.
1)It was shown that the adsorption amount of oleic acid was in order of Spherical-HAP > SiO2 > FL-HAP (SC) > FL-HAP. The adsorption amount of oleic acid for each 1 g of Spherical-HAP was 38 mg. 2)Preferential adsorption of oleic acid, which is unsaturated fatty acids in artificial sebum, was clarified.
3)It seemed that the adsorption amount of oleic acid showed tendency to increase with increase in calcium content. As for the adsorption mechanism , the possibility of a relation to c-plane (Ca sites) was suggested. 4)When the effect of cosmetics including hydroxyapatite was examined , the adsorption amount of the oleic acid was about 1.5 times compared with the control .
The prevention of shiny skin and makeup deterioration due to removal of the unsaturated fatty acid by hydroxyapatite is presented in the cosmetics field.
